Introduction
In recent observations of active galactic nuclei (AGN) with the x-ray telescopes Chandra and XMM-Newton an absorption feature around 15-17Å has been identified as an unresolved transition array (UTA) due mainly to 2p → 3d inner shell absorption in moderately charged iron ions with an open M-shell. Based on atomic structure calculations and photoabsorption modeling Behar et al [2] pointed out that the shape and the equivalent width of the UTA can be used for diagnostics of the AGN absorber. Netzer et al [3] noted a disagreement between the predicted and the observed structure of the NGC 3783 feature. They suggested that this disagreement is due to underestimation of the low-temperature dielectronic recombination (DR) rates for iron M-shell ions. The widely used compilation of Arnaud and Raymond [4] is largely based on LS-coupling theoretical work by Jacobs et al [5] and Hahn [6] which had the purpose to produce DR data for modeling the coronal equilibrium which forms at temperatures higher than those of photoionized gas such as is found in AGNs. Until recently, the only DR measurements for M-shell iron ions exists for Na-like Fe 15+ [7, 8] . This state of affairs provided the motivation for the present measurements of the Fe 7+ , Fe 8+ and Fe 13+ recombination rate coefficients.
The merged-beams experiment at the TSR storage ring
The experiment was performed at the heavy-ion test storage ring (TSR) at the Max-PlanckInstitut für Kernphysik (MPI-K) in Heidelberg, Germany. The different aspects of the merged beams technique at the MPI-K electron cooler have been described in [9, 10, 11, 12] and reviewed by Müller and Wolf [13] . In contrast to previous experiments, where the electron beam of the cooler was also used as an electron target for recombination experiments, in the present experiments a newly installed separate electron beam [14] was used. This additional electron beam is hereafter denoted as the electron target. As in the electron cooler, the electron beam of the electron target is also guided by a magnetic field and overlaps the ion beam over a straight section of ≈ 1.5 m length.
Conceptually the experimental procedures for measuring recombination rate coefficients with the electron target are the same as those that were applied previously with the electron cooler. However, there are advantages when a separate electron target is used for recombination measurements. First, the electron cooler can be used continuously for the cooling of the ion beam. Thus, the low velocity and spatial spread of the ion beam is maintained at all times. Second, the electron target was specifically designed for providing an electron beam with a very low initial energy spread [14] . Both of these results in a higher experimental resolving power in the present measurement as compared to previous measurements with the electron cooler. Figure 1 . Measured Fe 7+ forming Fe 6+ merged beams electron-ion recombination rate coefficient in the energy range 0-120 eV. The inset shows the rate coefficient below 0.5 eV in more detail. Up to 74 eV the spectrum is dominated by resonances associated with dielectronic recombination (DR) via 3p 6 3d → 3p 5 3d 2 core excitations. Resonances at higher energies are associated with higher core excitations.
Results
The measured merged-beams dielectronic recombination rate coefficients are shown in Figures  1, 2 , and 3. All three recombination spectra exhibit large DR resonances at low electron-ion collision energies. For example, for Fe 13+ , the rate coefficient below 2.3 eV exceeds all other resonances in height by an order of magnitude. At near-zero eV collision energy it is two orders of magnitude larger than predicted by a semiclassical calculation of the radiative recombination (RR) process. This high rate coefficient is attributed to a large dielectronic recombination resonance below 1 meV and the recombination rate enhancement at low energies. The rate enhancement is an artifact of the merged-beams technique and increases the measured rate coefficient at low energies by factors of typically 2-3 [15] .
The plasma recombination rate coefficient needed for astrophysical plasma modeling is derived by convolving the cross section derived from the experimental merged beams recombination rate coefficient with a Maxwell-Boltzmann electron energy distribution. As detailed by Schippers et al [12, 16] , there are three issues in deriving the cross section that require special consideration: the experimental energy spread, the recombination rate enhancement at low energies, and field ionization of high Rydberg states in the storage-ring bending magnets.
Conclusions and outlook
As already shown by Schmidt et al [1] for Fe 13+ , the experimental plasma recombination rate coefficient at low plasma temperature is several orders of magnitude larger than the recommended data [4] . It is even more than one order of magnitude larger than the RR rate coefficient and the DR rate coefficient assumed by Netzer [17] and Kraemer et al. [18] . A similar disagreement between our experimentally derived and the recommended plasma rate coefficients also exists for Fe 7+ and Fe 8+ .
This work emphasizes that reliable low temperature DR rate coefficients can at present only be obtained from storage-ring measurements especially for ions with strong DR resonances at low electron-ion collision energy. Our present result immediately influences the interpretation of astrophysical observations of active galactic nuclei.
